Radiative cooling near the top of a layer cloud plays a dominant role in droplet condensation growth. The impact of this cooling on the evolution of small droplets and the formation of precipitation-sized drops is calculated using a microphysical model that includes radiatively driven condensation and coalescence. The cloud top radiative environment used for these calculations is determined using a mixedlayer model of a marine stratocumulus cloud with a subsiding, radiatively cooled inversion. Calculations of the radiatively driven equilibrium supersaturation show that net long wave emission by cloud droplets produces supersaturations below 0.04% for typical nocturnal conditions. While supersaturations as low as this will force evaporation for droplets smaller than • 5 pm, radiatively enhanced growth for larger droplets can reduce the time required to produce precipitation-sized particles by a factor of 2-4, compared with droplets in a quiescent cloud without flux divergence. The impact of this radiative enhancement on the acceleration of coalescence is equivalent to that produced in updrafts of 0.1 -0.5 m s -1, and varies linearly with the total emitted flux (the "radiative exchange").
librium supersaturation, Seq, and calculate an upper bound on Seq for typical cloud radiative and microphysical conditions.
We use the SLB model to obtain vertical profiles of the total net emission (termed the "radiative exchange" by Roach [1976] ) and the fraction of the total cooling due to cloud droplets and model droplet condensation growth given this radiative environment. In Section 3 we calculate droplet coalescence near cloud top and compare it to coalescence in updrafts typical of nocturnal stratocumulus clouds. Section 4 contains a discussion of these results.
Ei + -E•-; and z is the height (see the Notation list for a full list of symbols).
The thermal emission and the upward and downward irradiances combine to give the radiative exchange defined by Roach [1976] as the net power leaving a droplet of radius r per unit area per unit absorption efficiency:
Ed,i-(Bi-0.5(El + q-E?))
Given n(r)dr (kg -•), the mixing ratio of droplets with radii between r and r + dr, and Qa(r,i), the absorption efficiency for droplets in spectral band i, we can write that portion of the flux divergence due to droplets in terms of Fd(r, i) (W), the net power radiating from a droplet of radius r in spectral interval i: 
Equilibrium Supersaturation
where Pa is the density of dry air.
Droplet Growth Equations

Radiative Fluxes: The Two Stream Approximation
We will calculate radiative cooling due to absorption and emission by cloud droplets, water vapor, and carbon dioxide using the five-band model of Roach and 5'lingo [1979] . The wavelength ranges for the five bands are given by Table 1 ; the model includes parameterizations for the transmissivity of water vapor, carbon dioxide, and cloud droplets and can be run at arbitrary vertical resolution. Given model values for Ei + and F,•-we can write the net flux divergence in band i as the sum of separate contributions from the droplets and gas [Bott et al., 1990 ]:
We can calculate droplet growth given Ed,i, the size and composition of the cloud condensation nucleus, and the thermodynamic state variables. The droplet growth equation including radiation is [Roach, 1976] 
dr ( LvFd ) r• -G (r) S -CK + CR q-4•rrK,RvT2 (4)
where r is the radius, S is the supersaturation, t is the time, and the Kelvin and Raoult terms (CK, Ca) are given in the Notation list. We have dropped the band subscript i from Fd to denote summation over the five bands.
For a closed parcel exposed to net flux divergence the conservation equations for energy and water are dT -Lv dwv RdT dp 1 den Cpln dt= • -[
Together with the hydrostatic equation, (4)-(6) can be solved given an initial droplet number distribution n(r). The supersaturation S can be diagnosed at each time step through the definition S -e 1 -P -1 (7) The radiative exchange Ed,i at cloud top and the fractional absorption F due to droplets depend on the magnitude of the downwelling flux from the inversion, the cloud temperature, and the droplet size distribution. We will estimate these using the SLB model, which attempts to establish the interaction between the cloudcapped boundary layer and the overlying air. In this section we will fix the cloud layer thickness at 300 m and let the subsiding inversion evolve to steady state above the cloud for dry (inversion Wv -I g kg -1) and moist (Wv-5 g kg -1) conditions. Adiabatic clouds of Increasing the emissivity of the overlying air significantly reduces both the flux divergence and the radiative exchange. This is shown in Figure 2a , which gives the quasi-steady state radiative profiles for a subsiding inversion with w• -5 g kg -x atop the mixed layer of 
Constraints on Seq
At fixed temperature and pressure, we expect Seq to be maximum in (10) where rj is the radius of size class j, NT is the total number mixing ratio, rvol is the volume mean radius, and y is a parameter related to the dispersion of the number distribution. Table 2 Although I, F, and G will vary with local changes in the droplet distribution, other coefficients in (8) remain approximately constant over a broad range of temperatures, pressures, and drop size distributions. The thermodynamic coefficients al, a2, and a3 vary by less than 15% in the temperature and pressure range 273 K < T < 293 K, 1000 hPa < p < 800 hPa. The microphysical coefficients Cr, Ck, K • depend weakly on the drop size distribution, but can be considered constant for the range of distributions given by Table 2.   Table 3 shows values for each of these parameters for a cloud top temperature and pressure of T=283.5 K, p=954.5 hPa.
The equilibrium supersaturation is held within a comparatively narrow range for the coefficient values of Tables 2 and 3. The second term in (10) remains greater than zero for all values of G, so that the minimum Seq is set by Ck --10 -4. To compute an upper bound on Seq sensitive to size increases in these droplet categories, because the collision efficiency increases from 0.02 to 0.2 as droplets grow through this 5-/zm radius range [Jonas, 1972] . Even modest condensation growth can have a rate-determining impact on the early stages of coalescence if it accelerates this droplet growth.
In this section we will calculate coalescence growth for a sedimenting droplet population in a region of constant radiative exchange and in an updraft with a constant vertical velocity. Berry and Reinhardt [1974b] showed that a representative measure of the progress of coalescence in an evolving droplet population is given by the mass mean, or "predominant" radius, rg. This is Seq is the traditional far-field supersaturation, which may differ significantly from the value near the droplet surface. Srivastava [1989] has shown that this kind of supersaturation variability also has the potential to significantly broaden the drop size distribution.
We plan to calculate the cumulative impact of turbulence, entrainment, and radiative cooling on large droplets cycling through cloud using large eddy simulations. Recent work with a simple one-dimensional turbulence model, however, does suggest that condensation growth may play a significant role in the initiation of stratocumulus precipitation [Austin et at., 1995] .
The results presented here indicate that radiative cooling has a similar potential, given a dry inversion and a cloud with peak rvol > 10/•m.
